1,3,2-Oxazaphospholidines, (-)Ephedrine, Thioanilides, Thioesters, Stereochemistry Both isomers of 2-anilido-3,4-dimethyl-5-phenyl-l,3,2-oxazaphospholidine-2-thiones (2 a and 2 b) derived from (-)ephedrine were obtained and converted to corresponding 2-thiomethyl derivatives (3 a and 3 b). The Staudinger-Wittig-type reaction of P-N bond cleavage was found to proceed with full retention of configuration at P-atom involved into five-membered ring system.
The mechanism and stereochemistry of P-N bond cleavage in organic phosphoramidates focused the interest of a number of research laboratories [1] . In the course of our studies on the application of phosphoranilidates in the synthesis of nucleotides and nucleoside phosphorothioates [2, 3] we have found that dialkyl(aryl)phosphoranilidates can be conveniently converted into corresponding phosphates and phosphorothioates upon treatment with sodium hydride followed by carbon dioxide or carbon disulphide, respectively. We were also able to prove that in the case of chiral acyclic molecules as well as in 4-methyl-l,3,2-dioxaphosphorinane derivatives this process is fully stereospecific and proceeds with retention of configuration at phosphorus [4] . Taking into account that stereochemistry of several reactions at phosphorus depends on the nature of substituents surrounding the reaction centre and on the reaction conditions [5] we decided to investigate the stereoselectivity of the conversion in question in a case, when the phosphorus atom is incorporated into a five-membered ring. As a model system to our studies we applied the 1,3,2-oxazaphospholidines derived from (-)-ephedrine. The stereochemistry and synthetic applications of this class of compounds were developped in a series of elegant works by Inch and coworkers [6] . The starting (2 S, 4 S, 5 R)-and (2 R, 4 S, 5 R)-2-chloro-3,4-dimethyl-5-phenyl-l,3,2-oxazaphospholidine-2-thiones (la and lb) were prepared by reaction of phosphorothioyl chloride and (-)ephediine in the presence of triethylamine.
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Both la and lb were isolated as diastereoisomerically pure compounds using column-chromatography followed by crystallisation [6] . Reaction of la and lb with lithium anilidate gave the desired 2 -anilido -3,4 -dimethyl -5 -phenyl -1,3,2-oxazaphospholidine-2-thiones (2 a) (Ö31P = -75.2 ppm) and (2 b) (<53ip = -72.2 ppm) in the preparative yield 21.0% and 22.0%, respectively. It has to be emphasized, that reactions of both la and lb with lithium anilidate proceed fully stereospecifically as proved by means of 31 P NMR and TLC.
Treatment of 2 a with sodium hydride, followed by saturation of reaction mixture with anhydrous CO2 and alkylation of the resulting sodium phosphorothioate with methyl iodide gave the 2-thiomethyl -3,4 -dimethyl -5 -phenyl -1,3,2 -oxazaphospholidine-2-one (3a, <53ip = -40.0 ppm, m.p. 114-115 °C) in the preparative yield of 62.5%. The same sequence of reactions, when applied to 2 b, gave 3b (<53IP = -40.7 ppm, m.p. 69-70 °C, yield 25.0%). Again, 31 PNMR and TLC control have shown that crude mixtures of products of conversion 2a -» 3a and 2b -> 3b were not contaminated with P-epimeric phosphorothiolates. The X H NMR spectra of la, lb, 2a, 2b, 3a and 3b (see Table I ) were not very helpful for stereochemical analysis. Their complexicity may result from different conformations of oxazaphospholidine rings due to spatial requirements of different exocyclic substituents at P-atom. Therefore we decided to correlate the absolute configuration at the P-atom in 1 a and 3 a by conversion of la into 2-methoxy-3,4-dimethyl-5-phenyl-l,3,2-oxazaphospholidine-2-thione (4a) [6] and subsequent rearrangement of the latter compound into the isomeric 2-thiomethyl-3,4-dimethyl-5-phenyl-l,3,2-oxazaphospholidine-2-one (3 a). It has been found, that this compound was identical with that prepared in the sequence of reactions la ->2a -> 3 a. Because the conversion la -> 4 a proceeds with retention of configuration at phosphorus [6] , and thiono-thiolo rearrangement 4 a -> 3 a proceeds without bond-breaking to the phosphorus atom, we were able to assign the absolute configurations as PS in 3 a and PR in 3b. It seems to be reasonable to assume that nucleophilic substitution of chlorine in 1 by lithium anilidate has the same stereochemical course as reaction of 1 with sodium methoxide [7] . Taking this assumption into account, each step of conversions la 2 a ->3a and lb 2 b ->3b proceeds with retention of configuration at phosphorus and the absolute configurations at P-atom are, respectively, PR in 2 a and Ps in 2 b. A, chloroform-w-pentane 1:3; B, benzene; C, benzene-acetone-chloroform 4:2:1.
For column chromatography Silica Gel 100 to 200 mesh was applied. 3,4-dimethyl-5-phenyl-1,3,2-ozazaphospholidine -2- thiones (1 a and 1 b) Phosphorothioyl chloride (33.9 g, 0.2 mol) was added at room temperature to the stirred solution of (-)ephedrine (33.0 g, 0.2 mol) and triethylamine (44.4 g, 0.44 mol) in benzene (500 ml). After 2 hours the precipitated triethylamine hydrochloride was filtered off, benzene solution was washed with water (2 X 30 ml) and dried over anhydrous magnesium sulphate. The crude reaction mixture was examined by means of 31 P NMR revealing two isomers of 1 in 73:27 ratio (<5»p = -72.9 ppm and -78.5 ppm, respectively). The solvent was evaporated and the residue was dissolved in boiling ether (100 ml). After cooling in refrigerator, the predominant crystalline isomer la (12.1 g, 23%) was obtained. The residue was chromatographed on Silica Gel (eluent: chloroform-w-pentane 1:2), yielding additionaly 5.1 g (9.7%) of la, rf 0.14 (solvent system A) and 2.2 g (4.2%) of lb (minor isomer), rf 0.21 (solvent system A). Analytical data (after recrystallisation from cyclohexane): for la, m.p. 127-128 °C (lit. [6] 125-128 °C), <5«p = -72.9 ppm (benzene), MS (70 eV, rel. intensity) m/e 261 (molecular ion for 35 C1, 30.3%), 157 (100%); for lb, m.p. 58 °C (lit. [6] 58 °C), ($«P = -78.5 ppm (benzene), MS (70 eV, rel. intensity) m/e 261 (molecular ion for 35 C1, 79.4%), 157 (100%).
(2S, 4S, 5R)-and (2R, 4S, 5R)-2-chloro-

(2R, 4S,
5R) -2-anilido-3,4-dimethyl-5-phenyll,3,2-oxazaphospholidine-2-thione ( 2 a) Aniline (3.7 g, 0.04 mol) was added to the solution of butyllithium (0.04 mol) in ether (50 ml) at -20 °C. The reaction mixture was stirred during 0.5 hour at this temperature and the solution of 1 a (5.23 g, 0.02 mol) in ether-benzene (50 ml, 1:2) was added at -40 °C. The temperature was allowed to raise up slowly to 5 °C. Then the mixture was again cooled to -5 °C and aqueous ammonium chloride (10 ml, saturated solution) was added. The ethereal layer was separated, washed with water (2 X 10 ml) and dried over anhydrous magnesium sulphate. Solvent was evaporated and the oily residue was examined by means of 31 P NMR. The analysis revealed the presence of unreacted la (44.3%, <5»p --72.9 ppm) and the substance which after separation and analysis of its X H NMR and MS spectra was identified as 2a (47.0%, <3"p = -75.2 ppm). The product was contaminated by unidentified substance (8.7%) which, however, on the basis of chemical shift (<Vp = -82.0 ppm) was not identical with 2 b. 2 a was separated by column chromatography on Silica Gel (benzene as an eluent). Yield after recrystallisation from cyclohexane 1.3 g (21.0%), m.p. 107.5-108.5 °C, <5«P = -75.2 ppm (benzene), rf 0.15 (solvent system B), MS (70 eV rel intensity) m/e 318 (molecular ion, 33.6%), 58 (100%).
(2S, 4S,
5R) -2-anilido-3,4-dimethyl-5-phenyll,3,2-oxazaphospholidine-2-thione (2 b) 2 b was prepared according to procedure described for 2a, starting from 1.31 g (0.005 mol) of lb. The crude reaction mixture was examined by means of 31 P NMR and consisted of 48.5% of unchanged lb (<5»iP = -78.6 ppm), 48.5% of compound which after separation and analysis of its X H NMR and MS spectra was identified as 2 b (<5»p = -72.2 ppm) and of 3.0% of unknown product (<5»p = -81.4 ppm) not being the isomer 2 a.
2 b was separated by column chromatography on Silica Gel, using benzene as an eluent. Yield, after recrystallisation from cyclohexane, 0.35 g (22.0%), m.p. 116-117 °C, <5»p = -72.2 ppm (benzene), rf 0.20 (solvent system B), MS (70 eV, rel. intensity) m/e 318 (molecular ion, 34.6%), 58 (100%).
5R) -2-thiomethyl-3,4-dimethyl-o-phenyl-1,3,2-oxazaphospholidine-2-one (3 a) The solution of 2 a (1.0 g, 0.0031 mol) in dioxane (10 ml) was added dropwise at room temperature to the suspension of sodium hydride (0.12 g, 0.005 mol) in dioxane (30 ml). Evolution of hydrogen was observed immediately. The reaction mixture was saturated with anhydrous carbon dioxide during 0.5 hour at 35 °C and then stirred at 80 °C for 1 hour. Then, the mixture was cooled to 35 °C and methyl iodide (1.0 g, 0.007 mol) was added. After additional 0.5 hour of stirring the unreacted sodium hydride and sodium iodide were filtered off and the solvent was evaporated, yielding oily residue. 31 P NMR examination indicated the presence of 14.1% of unchanged 2 a (<3«p = -75.2 ppm) and 85.9% of product which after separation and analysis its X H NMR and MS spectra was identified as 3a (<5»p = -40.0 ppm). This mixture was dissolved in benzene (70 ml), washed with water and dried over anhydrous magnesium sulphate. The solvent was evaporated and 3 a was separated by crystallisation from benzene-cyclohexane (1:2).
Yield 0.50 g (62.5%), m.p. 114-115 °C, <5»P = -40.0 ppm (CHCls), rf 0.44 (solvent system C), MS (70 eV, rel. intensity) m/e 257 (molecular ion. 68.3%), 151 (100%).
(2R, 4S,
5R) -2-thiomethyl-3,4-dimethyl-5-phenyll,3,2-oxazaphospholidine-2-one (3 b) 3 b was prepared according to procedure described above, starting from 0.25 g (0.8 mmol) of 2 b. The crude reaction mixture was examined by 31 P NMR and revealed the presence of 25.6% of unchanged 2 b (<5«p = -72.2 ppm), 1.7% and 6.6% of two unidentified products (d»p = -30.4 ppm and -21.4 ppm, respectively) and 66.0% of compound which by means of X H NMR and MS spectra analysis was identified as 3b (<5«p = -40.7 ppm). The product 3 b was separated by crystallisation from benzene-cyclohexane (1:2). Yield 50 mg (25.0%), m.p. 69-70 °C, rf 0.29 (solvent system C), MS (70 eV, rel. intensity) m/e 257 (molecular ion. 18.3%) 104 (100%).
(2S, 4S,
5R) -2-methoxy-3,4-dimethyl-5-phenyll,3,2-oxazaphospholidine-2-thione (4 a) and its isomerisation to 3 a 4 a was prepared according to procedure reported by Inch [6] , starting from 1.31 g (0.005 mol) of la. Yield 1.0 g (78.1%), <5»P = -83.9 ppm (benzene), rf 0.31 (solvent system B), MS (70 eV, rel. intensity) m/e 257 (molecular ion, 27.6%), 57 (100%). 4a (0.90 g, 4 mmol) was dissolved in nitromethane (10 ml) containing methyl iodide (3 ml). The reaction mixture was gently refluxed until 4 a disappeared (about 10 hours, TLC control). Then the solvents were evaporated, oily residue was dissolved in benzene, washed with water (2x5 ml) and dried over anhydrous magnesium sulphate. Yield after recrystallisation from benzene-cyclohexane (1:2) 0.20 g (22.0%); product was identical with 3a described above.
